Objectives: Due to their developmental characteristics, adolescents have a higher probability than other age groups of experiencing injuries caused by accidents, violence, and intentional self-harm. The severity and characteristics of injuries vary by the intentionality and mechanism of injury; therefore, there is a need for a national-level estimate of the scale and the severity of injuries in adolescents that takes these factors into account.
INTRODUCTION
Injury is a major global health concern. Despite differences across countries in the most widespread mechanisms of injury based on each country's health status and social environment, injury in general is regarded as a high-priority issue in most countries [1] [2] [3] [4] . In a study of the burden of disease in South Korea (hereafter Korea), injuries such as falls, motor vehicle collisions (MVCs), and suicides were included in the top 10 causes of disability-adjusted life years [5] .
Adolescents are at higher risks of injuries occurring from accidents, violence, and intentional self-harm/suicide [6] , and their burden of disease due to injuries is higher than that of other age groups [7] . According to the 2016 Statistics on the Youth, the top first and second causes of death in adolescents between 2008 and 2014 were intentional self-harm/suicide and MVCs [8] .
The concept of the injury pyramid was first used in Heinrich et al. [9] study on industrial accident prevention published in the 1930s. Since then, the concept has been applied and supplemented, and is now used as a model for studies of injuries [10, 11] . The injury pyramid is a visual representation of the burden of disease caused by injuries. The bottom section of the pyramid shows the rate of emergency department (ED) visits, the middle section represents the rate of hospitalization, and the top section represents deaths caused by injury. The visualization of the pyramid ratio of deaths to hospitalizations to ED visits can then be used to depict the scale and severity of injuries; therefore, the pyramid ratio can be used as an indicator that enables an intuitive understanding of the scope of each type of injury [12] .
This study aims to visualize injuries in adolescents, a group vulnerable to injury, using the injury pyramid ratio based on data sources collected from hospitals in Korea, so that the scale and severity of injuries in this population can be easily understood and interpreted.
METHODS
The study subjects were injured adolescents (ages [13] [14] [15] [16] [17] [18] who were selected by using the 2015 data on cause of death (n=360), the 2013-2015 Korean National Hospital Discharge In-depth Injury Survey (KNHDS) (n=61 723), the Emergency Department-based Injury In-depth Surveillance Data (EDIS) (n=16 352), and National Emergency Department Information System (NEDIS) (n=157 933).
Data from Statistics Korea were used to collect data on injuries that caused death in adolescents. Statistics Korea provides a national index of death rates per 100 000 people based on death reports that are released annually. Injuries are defined using the disease classification codes V01-Y89 (contraction of disease and unnatural death) under the Korean Standard Classification of Diseases sixth revision (KCD-6). Injuries are more specifically categorized as unintentional injury (V01-X59) and intentional injury (self-harm/suicide, X60-84; violence, X85-Y09) by the intentionality of injuries and by the mechanism of injuries, such as MVCs (V01-99), poisoning (X40-49), falls (W00-19), struck by/against (W20-24, W27-31, W35-40, W45, W49-52, W54-64), fire/burns (X00-19), and drowning (W65-74). The death rate caused by each injury per 100 000 people was calculated by dividing the number of deaths from that injury by the mid-year population of registered residents [13] .
Data from the KNHDS conducted by the Korean Centers for Disease Control and Prevention (KCDC) were used to investigate hospitalizations due to injury. Nine percent of the annually discharged patients from 170 acute-care hospitals with an electronic medical record system, which were sampled by geographic location and number of beds out of general hospitals with 100 or more beds, were randomly sampled and their medical records were reviewed. Injuries were defined using the principal or secondary diagnosis code of S00-T98 in the KCD-6 and injuries were categorized by the mechanism, as we did for cause of death. Cut/pierce injuries (W20-27, W29, W45, W49, W53, W54-64) were additionally defined. In order to obtain a sufficient number of participants, data from the recent 3 years (surveyed years from 2011 to 2013) were combined, and weighting for the complex sample survey was applied for each year. The weighted frequency of discharged patients for each injury mechanism was divided by the standard population (2011-2013 average mid-year population of registered residents) to calculate the hospitalization rate per 100 000 population [14] .
The NEDIS and the EDIS were used to investigate ED visits due to injury. The NEDIS is updated in real-time by the National Emergency Medical Center across Korea. Developed in 2004, the database information is drawn from EDs throughout Korea. The EDIS is conducted by the KCDC and investigates the mechanism and cause of injury in injured patients who were hospitalized after their initial ED visits in the participating 23 hospitals. For this study, injuries were categorized according to intentionality as unintentional (C1) or intentional (C2, 3) according to the 10th revision of the International Statistical Classification of Diseases and Related Health Problems code. Injury mechanisms were defined as MVCs (C11), falls, (C12), struck by/against (C13), machines (C3), drowning (C5), and poisoning (C6.1), and the scale of injuries resulting in ED visits was calculated [15] .
The rates of ED visits due to injury by mechanism were calculated using the NEDIS. To calculate the rates of ED visits due to sub-divided injury mechanisms, the EDIS was used. Howev-
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er, since the hospitals participating in the EDIS are selected by a simple random sampling without taking into account regional or hospital-specific characteristics, an extrapolation factor (EF) was applied to generate a nationally representative estimate. The EF was calculated by dividing the number of injured patients on a national level provided by the NEDIS by the number of injured patients provided by the EDIS [16] . Finally, the rate of ED visits by injury mechanism per 100 000 people was calculated using the mid-year population of registered residents of that year.
The injury pyramid ratio was calculated by comparing the death rates, the hospitalization rates, and the ED visit rates, with death rates as a reference value. For direct comparison between rates from different data sources, the calculated number of patients hospitalized was weighted by 1.1 and the number of patients who visited the ED was weighted by 1.9. The representativeness of this method was confirmed in a previous study [17] .
All data analysis was conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
RESULTS
In adolescents, the death rate, the hospitalization rate, and the ED visit rate due to injuries were 10.00 deaths, 1623 hospitalizations, and 4923 ED visits (per 100 000 people of all ages), respectively. The injury pyramid ratio for all injuries was 1:162:492 (Table 1) .
Comparisons of the scale of death, hospitalizations, and ED visits based on the intentionality of injury showed that the rates of death from unintentional and intentional injuries were similar (4 vs. 5/100 000), while the hospitalization rate (1486 vs. 145/100 000) and ED visitation rate (4614 vs. 301/100 000) were significantly higher for unintentional injuries. The injury pyramid ratio was 1:372:1154, while the corresponding ratio for intentional injuries was 1:29:60, indicating a significantly higher lethality for intentional injuries.
Comparison of the scale and severity of specific injury mechanisms showed that MVCs had the greatest number of deaths (127/100 000), followed by falls (111/100 000). MVCs had the highest rate of hospitalization (586/100 000), followed by falls [13] . ED, emergency department; MVCs, motor vehicle collisions. 1 The total injuries resulting in ED visits, hospitalizations, and deaths only included unintentional and intentional injuries, excluding unconfirmed and unknown injuries. 2 The mechanism associated with hospitalization was analyzed based on a classification as unintentional injuries (except suicide and violence). 3 Per 100 000 people. 4 The extrapolation method was only applied to ED visits. 5 Rates based on fewer than 20 deaths may be unreliable.
(382/100 000), and struck by/against (269/100 000). Injuries due to the struck by/against mechanism had the highest rate of ED visits (1301/100 000), followed by MVCs (1023/100 000) and falls (988/100 000). The pyramids for the various injury mechanisms in adolescents can be divided into 3 major types (Figure 1 ). While injuries by the struck by/against mechanism had the highest rate of ED visits, the hospitalization rate of this mechanism ranked third and its death rate was extremely low, with an injury pyramid ratio of 1:1121:5421. This indicates that the struck by/ against injury mechanism had a large scale of occurrence and showed great severity, but its lethality was very low. When shown in a pyramid diagram, it yielded a type B pyramid, or a pyramid with a gradual slope. Fire/burns (1:560:2720) also yielded this type of pyramid. However, the rate for ED visits from fire/burns was not high, showing that the scale of injury occurrence was also small.
In contrast, the ED visit rate for drowning was low, showing that it had a small scale of occurrence, but it was categorized as having a drastically high lethality, with an injury pyramid ratio of 1:1:5. When expressed in a pyramid diagram, it belonged to the type C pyramid, which is narrow and steep.
Injuries from MVCs (1:195:341), falls (1:127:329), and poisoning (1:114:214) showed medium levels of lethality, forming type A pyramids, which have an intermediate inclination compared to the previously mentioned 2 types of pyramids. The scale of occurrence of MVCs and falls was large, while the scale of poisoning occurrence was small.
Injuries from bicycle-related mechanisms had a relatively large scale, but their lethality was not high. While the scale of motorcycle-related injuries was not large, the lethality was relatively high.
DISCUSSION
The injury pyramids derived from the injury pyramid ratio calculated in this study showed varied sizes and shapes based on the intentionality and mechanism of injury. There are 3 major types of pyramids. Type C pyramids do not show significant differences between the rates of ED visitation, hospitalization, and death; in other words, injuries with high lethality result in a steep pyramid. Injuries with a low lethality, or those with much lower death rates compared to the ED visit rates, show a pyramid form with a gradual slope, known as a type B pyramid. Lastly, injuries showing a medium level of lethality form type A pyramids, with medium inclinations.
This categorization roughly corresponds to that developed by Wadman et al. [10] , in which 3 major injury pyramids differ in shape based on lethality, with an inverted pyramid indicating high-lethality injuries, a rectangular pyramid indicating mid-level lethality injuries, and a typical pyramid indicating low-lethality injuries. Injuries due to the struck by/against The Pyramid of Injury and Adolescent mechanism had a low lethality rate, but the ED visit scale was large, thereby forming a type B pyramid in which the lower side of the pyramid was large and the top was very narrow. Injuries from drowning had a very high lethality rate but a small ED visit scale, resulting in a type C pyramid with a steep and narrow shape. The results of Lee et al. [12] showed similar pyramid shapes for struck by/against injuries and drowning injuries. However, for fire/burn injuries, the ratio of the death rate to the ED visit rate was 1:2720 in this study, indicating a high incidence rate with low lethality, whereas Lee et al. [12] reported high lethality. The mechanisms of struck by/against, MVCs, and falls had the highest number of ED visits, in accordance with the results of previous studies [10, 12] . Similarly to previous studies, the MVCs and falls had the highest number of hospitalizations; however, the hospitalization rate from poisoning in this study was lower than in the results of previous studies. MVCs had the highest number of deaths, as in previous studies.
Comparisons of lethality according to different injury mechanisms provides insight on where to focus injury prevention initiatives. Injury mechanisms with high lethality can be prevented through primary prevention, which can lower the injury occurrence itself, or by making efforts to lower the lethality rate when injury occurs. In contrast, secondary or tertiary prevention efforts could be made through prompt and apt initial responses for injury mechanisms with medium lethality in order to reduce the length of hospitalization and the overall healthcare utilization for injuries.
Even if the scale of occurrence and lethality of an injury mechanism are low, attention should be paid to the severity of the sequelae of injuries. A study from Korea showed that injuries that occurred on the streets and were caused by falls or slips were more likely to result in disabilities [18] . Therefore, information on which injury mechanisms have higher healthcare utilization and higher medical costs can be an important factor for prioritizing resource allocation when making injury prevention and intervention policies. The comparison of intentional and unintentional injuries based on the pyramid types formulated in this study showed that intentional injuries had a steep type C pyramid, indicating high lethality. The scale of occurrence, on the other hand, was larger for unintentional injuries, as in the results of international studies [12] . Injuries due to the struck by/against mechanism had low lethality but a large scale of occurrence, as well as a higher rate of hospitalization than the ED visitation rate, which illustrates that healthcare utilization and medical costs may be greater for such injuries. The lethality of injuries from MVCs and falls was medium, but the occurrence scale was large, indicating that they should be prioritized when making prevention and intervention policies. If only lethality is considered, the importance of large-scale mechanisms with greater medical service utilization may be overlooked.
Comparing the size and shape of injury pyramids can help yield insights into the scale and lethality of injuries; when this information is integrated with other data sources, more effective injury prevention and intervention policies can be made. For example, injuries that are not lethal can still cause severe physical or mental impairment, which can have negative longterm effects on a patient's health and quality of life. An index showing the long-term burden from injury is years lived with disability (YLD). According to the study on YLD from injuries conducted by Lee et al. [19] , the lethality from injuries due to the struck by/against mechanism was low, but such injuries resulted in more YLD than injuries from bicycle or MVCs and poisoning, which had medium lethality.
This study used the data sources that best represented ED visits, hospitalizations, and deaths from injuries in Korea to create injury pyramids, but these sources had limitations that need to be taken into account. First, errors may have been made in the process of recording disease codes to define injuries. Furthermore, detailed information on injuries that were recorded as "etc. " or "unknown" was not identified. Second, the data used in this study were not from the same year, and therefore are not representative values of the same year; the statistics on cause of death and EDIS were from 2015, while the data from the KNHDS was from 2011-2013.
Despite these limitations, this study succeeded in visualizing the intentions and mechanisms of injuries experienced by Korean adolescents as 3 types of pyramids, enabling a comparison of their scale and lethality at a glance. This can be used as an important foundation for establishing injury prevention policies. Future studies that include outpatient visit rates in the calculation of the injury pyramid ratio are expected to better estimate the burden to the medical system caused by injuries.
